Abstract. To deal with the problem of ever increasing harmonic content in low-voltage distribution power system. A comparative experimental study on limiting the third harmonic current with low-voltage distribution power system in a residential area in Shijiazhuang. We've designed an experimental plan to limit the third harmonic under the condition of three-phase four-wire system and measured the impact of the limitation on current, voltage, current distortion rate, active power and distortion power. The results shows that limiting the third harmonic current can notably reduce the distortion power of low-voltage distribution power system and thus improve the electricity quality, but there's no significant power saving effect.
Introduction
Harmonic pollution in power networks has been increasingly deteriorating due to the wide application of modern power electronic equipment [1] . In current power supply systems, a majority of loads such as rectifiers, UPS, electronic control devices, fluorescent lamp systems, computers, TV sets, washing machines, variable frequency air conditioner, energy-saving lamps, light-change lamps, LED displays, are featured with non-linear property. The electric current they obtained from power networks doesn't show a linear relation with the applied voltage, forming non-sinusoidal current. Harmonic waves generated from nonlinear loads bring adverse effect to power networks. They cause interference to power generation, power transmission, power distribution equipment, protective relaying and automatic control devices, and electric equipment of various users, which are connected to the power networks, as well as to audio control systems, communication lines, and computers. This type of interference may cause light flashing of power supply circuit, additional harmonic loss and heating of rotating electrical machines and other electric components in alternating current systems, and thus reduce their service life [2] . Especially those communication devices, computers, and household appliances using single phase silicon rectifying power supply employ bridge rectifiers and large capacitor filters as their AC/DC converters. The existence of large capacity filter capacitors leads to small conduction angle of diodes, which only start to connect when the Ac voltage sine wave is approaching its peak value, and cause serious distortion of AC input current waveform. Sometimes third harmonic may exceed 80% of the first harmonic, and will overlap on null line and lead to too high electric current in null line, even higher than phase line current, which may lead to additional heat of cables, raise the operation temperature of cables, reduce their insulating ability and shorten their service life, or even cause fire disaster due to insulating ability [3] .Internationally, many countries have formulated related regulations and standards on the strict restriction of power network voltage distortion, various harmonic voltage and current values, measurement methods, and nonlinear loads [4] . Harmonic sources have been recognized as the public hazard of polluted power system, and they have to be restricted by taking various measures. Since the third harmonic has serious negative impact on equipment and power distribution systems, how to effectively suppress third harmonic generated by non-linear loads has become an increasingly prominent problem [5] . How much energy-saving benefit can be brought about by harmonic control has become a wide concern of the industry. Currently, studies on low voltage distribution network harmonic network loss in China is only limited to theoretical calculation and simulated analysis [6] . In order to verify the impact of eliminating third harmonic current on power quality, and whether it is conductive to power network energy saving, the study designed an experiment of suppressing third harmonic under a three-phase four-wire system. 
Experimental Scheme for Suppressing Third Harmonic Current
Under the condition of no null line, zero order harmonic has no current path, so there is no third harmonic. Since the balanced threefold harmonic current shows zero sequence, so it is not able to flow into triangle connecting circuits or star connection circuits with neutral ungrounding. Under ideal conditions, after null line is installed with a special third harmonic filter, which disconnects third harmonic filter from the null line. Therefore, there is no third harmonic both in null line and phase lines. We conducted an experiment on suppression of third harmonic current by adding a passive third harmonic current filter on a null line. The experiment scheme is illustrated in the Figure 1 [7] . The experiment has a very high requirement in safety. Once the null line is disconnected, the three-phase four-line system is converted into a three-phase three-wire system, and three unbalances may cause the voltages of the phase lines exceeding 220V, and thus lead to serious consequence.
Comparative Analysis of Experimental Data of Third Harmonic Suppression

Impact of Suppression of Third Harmonic on the Supply Current of Low-Voltage Power Distribution Network
Current before harmonic suppression Current after harmonic suppression Figure 2 . Current contrast figure before and after three harmonic current Suppression. Figure 2 shows the 24-hour monitoring results of a residential area (from 12am to the 12am of the next day). The major harmonic component of a low voltage power network is third harmonic. After third harmonic filter is connected into power distribution network, third harmonic current is dramatically reduced, but the first harmonic current and other order harmonics do not show significant change. Current in phase lines is mainly first harmonic current but the currents in null line include first harmonic current and third harmonic caused by three-phase unbalanced loads, and the third harmonic in null line is even larger than first harmonic current. 
Impact of Suppression of Third Harmonic on Active Power of a Low-Voltage Power System
In a nonlinear electric current containing harmonic waves, active power is still an average value of instantaneous power of a period. Nonlinear function can be expressed by Fourier series. In Fourier series, sin(ωt+φ1),sin(2ωt+φ2),sin(3ωt+φ3) ,... are all orthogonal to each other. In above function set, the integral of the product of two different functions in a period is zero, so its active power P is:
The formula shows that, no active power is generated between voltage and current in different frequencies in a same load. That is to say, only with third harmonic voltage, can a third harmonic current generate third harmonic active power. The result of contrast experiment on theimpact of suppression of third harmonic on the active power of low voltage power distribution network is illustrated in the Figure 3 . It can be seen from the Fig.3 , suppression of third harmonic has very small impact on the active power of power networks. The measured total active power before suppression of third harmonic in the experiment was 1463.4KWh, and active power after suppression of third harmonic was 1462.5 KWh. Thus it can be seen that, suppression of third harmonic has very limited effect on energy saving in the power supply system of the monitored residential area.
Impact of Suppression of Third Harmonic on the Distortion Power of Power Distribution System
In the experiment, Fluke 435-Ⅱ was used for measurement, and the measurement method accords with IEEE1149 standard. In this measurement method, reactive power is only related to fundamental power. Namely, Finally, it is necessary to point out that, there is no active power generated between fundamental voltage and third harmonic current. In low voltage power distribution network, current distortion is very large but voltage distortion is very small. In low voltage power network, the major contributor of distortion power D is third harmonic current, but the energy consumption caused by it is very limited.
Conclusion
Along with the increase of non-linear load in low-voltage network, third harmonic currents generated by non-linear load of each phase are overlapped in neutral line, which dramatically increases the electric current in neutral line, and thus affect the power quality and safety of the overall power supply system. By taking a 315KVA transformer power distribution network in Shijiazhuang as the study object, the third harmonic component generated in the load of the power network was suppressed by installing a third harmonic filter in series in neutral line in secondary-side and a comparative analysis on the third harmonic before and after suppression was conducted. 
